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LOW POWER CURRENT MIRROR CIRCUIT 



FIELD OF THE INVENTION 

[0001] This invention relates to a current mirror circuit, and more 
particularly to a low power current mirror circuit. 
BACKGROUND OF THE INVENTION 

[0002] Current mirrors are often used in analog circuits for producing an 
output current identical to an input current. Generally, a simplest current 
mirror circuit can be completed only through employing two MOS transistors. 
However, if it really only employs two MOS transistors for a current mirror 
circuit, the output current might become unstable while the voltage variation 
becomes more serious. For overcoming this problem, a conventional method 
is to employ four MOS transistor to complete the current mirror circuit. 
rnnn.11 Please refer to Fig. 1A which illustrates a conventional current 
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mirror circuit employing four MOS transistors. The current mirror circuit 
includes a first transistor Nl, a second transistor N2, a third transistor N3, a 
third transistor N3, a fourth transistor N4, a resistor R, an input current source 
I in , a first power supply V ss and a second power supply V dd . Meanwhile, the 
source electrode of the first transistor Nl and the source electrode of the 
second transistor N2 are coupled to the second power supply V ss , the gate 
electrode of the first transistor Nl, the gate electrode of the second transistor 
N2 and the drain electrode of the third transistor N3 are coupled to a first end 
of the resistor R, the drain electrode of the fourth transistor N4 is coupled to 
the drain electrode of the second transistor N2, the gate electrode of the third 
transistor N3, the gate electrode of the fourth transistor N4 and the second end 



of the resistor R are coupled to the input current source I in and the input current 
Iin is coupled to the second power supply V dd . 

[0004] Moreover, the drain electrode of the third transistor N3 is coupled 
to the drain electrode of the first transistor Nl and the substrate electrode of 
the first transistor Nl, the substrate electrode of the second transistor Nl, the 
substrate electrode of the third transistor Nl and the substrate electrode of the 
fourth transistor Nl are coupled to the first power supply V dd . Thus, through 
employing the circuit shown in Fig. 1A, an output current I out which is 
identical to the input current source I in can be obtained at the output terminal 
(namely the drain electrode of the fourth transistor N4). 
[0005] Please refer to Fig. IB which illustrates another conventional 
current mirror circuit employing four MOS transistors. The current mirror 
circuit also includes a first transistor Nl, a second transistor N2, a third 
^„;„w xn , tWH transistor N3. a fourth transistor N4, a resistor R, an input 
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current source I in , a first power supply V ss and a second power supply V dd . 
The difference from the current mirror circuit shown in Fig. 1 A is the substrate 
electrode of the third transistor N3 is coupled to the drain electrode of the third 
transistor N3 and the substrate electrode of the fourth transistor N4 is coupled 
to the source electrode of the fourth transistor N4, and therefore the operating 
power thereof is lower than that shown in Fig. 1 . 

[0006] Although the current source in Figs. 1A~B can generate a larger 
output impedance so as to avoid the output current I out from being interfered by 
the voltage variation, the method employing four transistors must will increase 
the operating power of the system. It might be okay under a general 
operating power (such as 5V), but the information products nowadays always 
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employ low voltages for saving electricity so that there exist a necessity to 
reduce the operating voltage of the system. 

[0007] Because of the technical defects described above, the applicant 
keeps on carving unflaggingly to develop a "low power current mirror circuit- 
through wholehearted experience and research. 
SUMMARY OF THE INVENTION 

[0008] It is an object of the present invention to provide a low power 
current mirror circuit which allow a low bias gate voltage while maintaining a 
high output-resistance and output swing range. 

[0009] It is another object of the present invention to provide a current 
mirror circuit which employs higher substrate bias voltage than source voltage 
so as to reduce a threshold voltage and a gate bias voltage due to the body 
effect. 

mnmi armrdance with an aspect of the present invention, a current 
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mirror circuit includes a resistor having a first terminal connected to a current 
source, and a second terminal, a first transistor having a gate electrode 
connected to the second terminal for receiving a first bias voltage, a source 
electrode connected to a first power source, and a substrate electrode 
connected to a drain electrode thereof, a second transistor having a gate 
electrode connected to the gate electrode of the first transistor, a source 
electrode connected to the first power source, a substrate electrode connected 
to the substrate electrode of the first transistor, and a drain electrode, a third 
transistor having a gate electrode connected to the first terminal of the resistor 
for receiving a second bias voltage, a source electrode connected to the drain 
electrode of the first transistor, a substrate electrode connected to the substrate 
electrode of the first transistor, and a drain electrode connected to the second 



terminal of the resistor, and a fourth transistor having a gate electrode 
connected to the gate electrode of the third transistor, a source electrode 
connected to the drain electrode of the second transistor, and a drain electrode 
for providing an output current. 

[0011] Preferably, the current mirror circuit operates under a low bias 
gate voltage. 

[0012] Preferably, the first transistor, the second transistor, the third 
transistor, and the fourth transistor are N-channel metal oxide semiconductor 
field effect transistors. 

[0013] Preferably, the first power source is the ground. 

[0014] Preferably, the current source is connected to a second power 

source. 

[0015] The above objects and advantages of the present invention will 

, . ™ ™Hi1v parent to those ordinarily skilled in the art after 

reviewing the following detailed descriptions and accompanying drawings, in 
which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Fig. 1A is a schematic view showing a current mirror circuit 
employing two MOS transistors in the prior art; 

[0017] Fig. IB is a schematic view showing a current mirror circuit 
employing four MOS transistors in the prior art; 

[0018] Fig. 2A is a schematic view showing a current mirror circuit in a 
preferred embodiment according to the present invention; 
[0019] Fig. 2B is a schematic view showing a current mirror circuit in 
another preferred embodiment according to the present invention; 
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,0020] Fig. 3 is a comparison plot of the input current and the measured 
voltage at a specific point respectively in Fig. IB and Fig. 2A; 
[00211 Fig. 4 is a comparison plot of the input current and the measured 
voltage at another specific point respectively in Fig. IB and Fig. 2A; and 
[00221 Fig. 5 is a comparison plot of the input current and the output 
current respectively in Fig. IB and Fig. 2A. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[00231 In low power circuit applications, it is very important to reduce a 
gate bias voltage of the MOS transistors which are employed by the current 
mirror circuit. That's because that once the gate bias voltage is reduced, the 
operating power will also be automatically reduced. Thus, the present 
invention set forth a current mirror circuit which can reduce the threshold 
voltage through providing a substrate bias voltage higher than the source btas 
voitagc. 

[00241 Please refer to Fig. 2A which illustrates a schematic view of a 
current mirror circuit in a preferred embodiment according to the present 
invention. The current mirror circuit is employed to recerve an input current 
I. so as to produce an output current identical to the input current and includes 
a first tranststor Nl, a second transistor N2, a third transistor N3, a fourth 
transistor N4, a resistor R, an input current source I„ a first power supply Vss 
and a second power supply Vdd. 

[00251 A first end of the resistor R is employed to receive the input 
current source I,, The gate electrode of the firs, transistor Nl is coupled to 
the second end of the resistor R to receive a first bias voltage, the dram 
electrode thereof id coupled to the first power supply Vss and the substrate 
electrode thereof is coupled to the drain electrode thereof. The gate electrode 



of the second transistor N2 is coupled to the gate electrode of the first 
transistor Nl, the source electrode thereof is coupled to the firs, power supply 
Vss and the substrate thereof is coupled to the substtate electrode of the first 
transistor Nl. The gate electrode of the third transistor N3 is coupled to the 
first end of the resistor R to receive a second bias voltage, the source electrode 
thereof is coupled to the dratn electrode of the fits, transistor Nl, the substrate 
e,cc.rode thereof is coupled to the substrate eiectrode of fire firs, transistor Nl 
and fire drain electrode is coupled to the second end of the resistor R. The 
gate electrode of the fourth transistor N4 is coupled to the gate electrode of the 
third transistor N3, the source electrode mereof is coupled to fire dram 
electrode of the second transistor N2, the substrate electrode thereof is coupled 
to the source electrode thereof and the output current U is generated from the 
drain electrode flrereof. Meratwhtle, the first power supply Vss is coupled to 

. . , .u. ,™,ci«t„r Nl . the second transistor N2, the third 
the grouna, auu mc > 

transistor N3 and the fourth transistor N4 are N-type metal-oxide 
semiconductor transistors. 

[00261 According to the circuit described above and further based on the 
body effect, the threshold voltage is equal to: 

,0027] Furthermore, because the substrate electrode of the third transistor 
N3 is coupled to the drain electrode thereof in the present invention, the 
threshold voltage of the third tranststor N3 is equal to v m . Identically, the 
substrate electrode of the fourth transistor N4 is coupled to the drain electrode 
thereof, and thus the threshold voltage of the fourth transistor N4 is also equal 
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[00 28] As to the threshold voltage of the first transistor N 1. it is equal to: 

l0 029] Since the voltage ^ of the first transistor Nl is negative, the 
threshold ^.thereofis lower than y m , which is generally equal to 0.7 V). 
Dependmg on the same theory, the y„ of the second transistor N2 is also 
negativcandthusthethreshold ^thereof is lower than v M . Furthermore, 
both the threshold voltages of the first transistor Nl and the second transistor 
N2 are the same. Consequently, the gate bias voltage of the first transistor N 1 
and the second transistor N2 is equal to: 



v g ^v g , N2 = v tM + y(^Z^\-^ 
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Based on the formula described above, because F M ,«>, 
is a,so negative. Wore, the gate bias voltage of 
the first transistor Nl and fire second tranststor N2 can be reduced so as to 
reduce the operating power of the whole system. 

,00311 Another embodiment according to the present invention ts shown 
in Fig . 2B A current mirror circuit inc.udes a first tranststor PI, a second 
trm sistor P2, a third transistor PS, a fourth transistor P4, a reststor R, an tnput 
current source I,„, a first power supply Vss and a second power supply Vdd 
Tte difference from that in Fig. 2A is the first transistor PI, the second 
transistor P2, me third transistor P3 and the fourth transistor P4 are P-type 
metal-oxide semiconductor transistors. 
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,00321 Now, if each element in both Fig. IB and Fig. 2A is adjusted to 
suh the inpn. current ,„ eo.ua, to 10 pA and R is supposed as 40 hO, the result 
of voltage variatton is shown in Fig. 3. The simulation method is to vary the 
inpu , current from 0 pA to 40 pA As shown in Fig. 3, the node voltage of 
V, 4 is restricted under .he thresho.d voltage (0.7 V) of the MOS transistor and 

and the second transistor N2 shown in Fig. 2A can no, maintain a normal 
function, the current will flow through the dram electrode «o the substrate 
electrode so as to cause a latch-up. However, when in the present inventton, 
the desired input curren, is equal to ,0 uA, V 1A is equa. to 0.3 V, and thus the 
f lrst transis,orN 1 and t he S econd.ransistorN2wi.lno«.osecfftctenc, 

,0033] Moreover, the voltage variations of V 2E and V 2A respecttvely m 

. .. u..,„ ;„ v;„ i As shown in Fig. 4, when the mput 

Fig IB ana rig. ia aic anumm ^ * • 

current is equa, to 10 pA, V 2A wi.1 .50 mV lower than V,. That means, if 
VsB of the MOS transistor is set as - 0.3V, me original thresho.d voltage wtll 
be .educed from 0.75 V to 0.6 V so as to reduce 0.15 V of the operattng 
voltage due to the body effect. A low power operating system hke thts 
should be very practical. 

,0034, Please refer to Fig. 5 which is a comparison plot of the mput 

• uj„ m and Fie 2A As shown in Fig. 5, 
current and the output current in Fig. IB and Fig. za. 

„ 10 „a nart of the current is already 
when the input current I in is larger than 18 uA, part 

flow into the substrate electrode. 

,0035, In view of the aforesaid, the circuit structure accordmg to the 
present inventton can be employed as the mput current is lees variable so that 



th e gate bias voltage of the transistor can be reduced through reducng the 

Thus, ,he present invention can effective* overcome the defects tn the pnor 
arts. Consequently, the present invention conforms to the demand of the 
industry and is industrial valuable. 

I0 „ 361 While the invention has been described in terms of what >s 
Uently centered to be the most practical and preferred embodiments ,, » 
I be understood that the invention needs no, be limited to the dtsclosed 
embodiment. On the contrary, it is intended to cover various modtftcahons 
and sunilar arrangements included within the spirit and scope of me appended 
Cairns which are to be accorded with .he broadest tnterpretatton so as 
encompass all such modifications and similar structures. 
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